The biochemical characteristics of 1 37 strains of Citrobacter diversus (Burkey) Werkman and Gillen were determined, and the resulting data are summarized. Members of this species produced indole and ornithine decarboxylase and fermented adonitol but failed to grow in KCN medium. Detectable amounts of hydrogen sulfide were not produced in triple sugar-iron-agar medium but were formed by some strains in peptone-iron-agar. The nomenclature and taxonomic position of these bacteria are discussed, and information that should be helpful for their differentiation from Citrobacter freundii and Enterobacter cloacae is included. Strain 3613-63 (ATCC 27 156) is designated as the neotype strain and is described herein.
proposed the generic name Citrobacter for the "citratepositive, coli-aerogenes intermediates", from a collection of fifteen strains, these investigators described seven species. Citro bacter Freundii (sic) Braak was designated as the type species of the new genus. A review of the literature [e.g., see Vaughn and Levine (31) l indicated that some, but by no means all, of the so-called intermediate bacteria belonged t o the genus Citrobacter. Tittsler and Sandholzer (30) and Carpenter and Fulton (7) suggested that "Escherichia-Aerobacter intermediate" strains, which did not produce acetylmethylcarbinol but utilized sodium citrate as a sole source of carbon, should be placed in the genus Escherichia. This suggestion, rather than that of Werkman and Gillen (32) , was followed in the 1939 , and 1957 . Vaughn and Levine (31) delineated two divisions among the "intermediate" bacteria studied. Members of the first of these produced hydrogen sulfide, whereas constituents of the second did not. These investigators stated that the bacteria that produced hydrogen sulfide might be recognized as Escherichia freundii (Braak) Yale and that the hydrogen sulfide-negative microorganisms might be recognized as Escherichia intermedium (Werkman and Gillen) comb. nov. The latter species was recognized in the 1948 edition of Bergey ' s Manual. Ewing and Edwards (15, 16) and Ewing (11, 12) considered members of the genus Citrobacter to be more closely related to the genera Salmonella and Arizona than to either Escherichia or Aerobacter (now En terobacter).
As presently constituted, the genus Citrobacter is composed of similar bacteria that have been described under a variety of designations in addition t o those already mentioned. For example, the microorganism called Salmonella ballerup (22) , "S. coli" 1 to 4 (21) , and Salmonella hormaechei [ Monteverde ( 1944) cited by Bruner et al., (5)] originally were classified as salmonellae because of antigenic relationships and were included in the antigenic schema for those bacteria. Later, they were removed from the antigenic schema for Salmonella on the basis of their biochemical reactions [e.g., see Harhoff (20) Stuart et al. (29) were found t o be members of the Bethesda group characterized by Barnes and Cherry (1 ) and so named by Edwards et al. (1 0) and Moran and Bruner (28) . West and Edwards (33) investigated 585 strains of Ballerup and Bethesda bacteria, combined these two into the so-called Bethesda-Ballerup group, and directed attention to the close biochemical relationships of members of the combined group and those of cultures of E. freundii.
IP: 54. 70 . 40.11 On: Sat, 08 Dec 2018 00:39:47 VOL. 22, 1972 CITROBACTER DIVERSUS 13 Davis and Ewing (8) Leclerc and Buttiaux (24) reported the characteristics of 203 isolants of Enterobacteriaceae which failed to form hydrogen sulfide and which were said to be close to Citrobacter. According t o these investigators, lysine was decarboxylated by 90 of the strains (method not given). Except for this aberrancy, the strains appeared to represent a hydrogen sulfide-negative biotype of C. freundii similar t o that of the 93 strains mentioned by Davis and Ewing (8) . None of the investigators cited in the foregoing pcaragraphs reported decarboxylation of lysine by any isolate of Citrobacter, and the authors never have seen a strain that could be called Citrobacter that decarboxylated lysine in MQlller's medium (final readings 4 days). However, it is known (27; unpublished data of author) that an occasional strain may produce a weak reaction in lysine medium if kept beyond the recommended period of observation. Macierewicz (26) recorded the biochemical reactions of 27 strains that were similar t o the 9 3 hydrogen sulfide-negative strains mentioned by Davis and Ewing (8) , except that the percentage of the late liquefiers of gelatin was unusually high among the strains studied by Macierewicz. She ( 2 6 ) proposed a new, provisional genus (Padlewskza) for these bacteria. As far as the authors have been able to determine, a species was not named or described in the proposed genus.
In 1970, Frederiksen (19) described a collection of 30 strains and proposed the name Citrobacter koseri for them. Hydrogen sulfide production by these isolates was characterized as weak, indole was produced, and adonitol was fermented. Except for weak production of hydrogen sulfide, the reactions recorded were similar to those of the adonitol fermenters mentioned by Davis and Ewing (8) and described in more detail herein.
As a result of their investigations of 108 isolants, Young et al. (34) (34) were similar to the adonitol-positive strains mentioned by Davis and Ewing (8) .
The names proposed by Frederiksen (1 9) and Young et al. (34) were validly published and legitimate, in the authors' opinion. However, the species names proposed by Werkman and Gillen (32) also were validly published and legitimate, and they have priority. Davis and Ewing (9) reported the characteristics of 616 strains of C. freundii [ 127 of which failed to produce hydrogen sulfide in triple sugar-iron (TS1)-agar in the usual period of incubation] and compared the resulting data with those obtained in the present work,
MATERIALS AND METHODS
The 137 strains reported upon were submitted to the Center for Disease Control for identification between January 1962 and December 1970. Some of these adonitol-positive forms were mentioned by Davis and Ewing The biochemical reactions of 113 of the 137 isolants were determined by means of a rather large 
C. freundii
Per cent + Based on a portion of the 127 strains of the hydrogen sulfide-negative biotype recorded in Table 2 .
Numbers in parentheses indicate percentage of delayed reactions (3 or more days).
number of tests and substrates. The remaining 24 were subjected to a limited number of tests, i.e., those
RESULTS
commonly used (1 3) . The methods employed were the same as those described by Ewing (13, 14) , Ewing and Davis (17) , and Ewing and Edwards (in press Numbers in parentheses indicate percentage of delayed reactions ( 3 or more days). Table 1 . None of the isolants, herein referred to as C. diversus, produced hydrogen sulfide in (TS1)-agar medium in the usual period of incubation, but a few produced it in peptoneiron (PI)-agar medium. The reactions in urea agar were weak, delayed, and comparable t o those exhibited by cultures of C. freundii. All strains formed indole, produced ornithine decarboxylase, and failed t o grow in KCN medium ( Table 1) . The two that liquefied gelatin in nutrient medium did so after 26 to 30 days. The 18 isolates that failed to ferment lactose yielded positive results in tests for beta-galactosidase activity. Results obtained from the limited examination of the 24 additional strains were comparable to those listed in Table 1 .
Substrates and tests that are useful for differentiation of the hydrogen sulfide-positive and -negative (TSI-agar) strains of C. freundii and C. diversus are listed in Table 2 . Davis and Ewing (9) characterized 127 isolants of C. freundii that failed to produce detectable amounts of hydrogen sulfide in TSI-agar medium (Table 2) in the usual period of incubation. Of these, 64 produced indole (Table 3) . Means for differentiation of members of this biotype and strains of C. diversus are given in Table 3 . Finally, reactions that are of value for distinguishing strains of Enterobacter cloacae from C. diversus are summarized in Table 4 . The data pertaining t o this species are from a publication of Fife et al. (18) , but they are revised since one isolate of C. diversus was mistakenly included among the 201 strains of E. cloacae reported upon by those investigators. Data regarding this misidentified strain were deleted from the summary of the reactions of E. cloacae (Table 4) .
DISCUSSION
With few exceptions, investigators have excluded bacteria that fermented adonitol from the genus Citrobacter. For this reason, Davis
On: Sat, 08 Dec 2018 00:39:47 VOL. 22, 1972 CI TR OBA CTER DIVERS US 17 and Ewing (8) were reluctant to admit such microorganisms to the genus although their existence was recognized. For a short time, these adonitol-positive strains were referred t o as aberrant or atypical forms of E. cloacae, but this designation soon was discarded as incorrect. It now is clear that these particular adonitol-positive bacteria are members of the genus Citrobacter and should be added to that genus as the second accepted species. Comparison of the data presented in Table 2 (and in  Table 13 of reference 9 ) indicates the relationship of these microorganisms to C. freundii.
Werkman and Gillen (32) described two species of Citro bacter that fermented adonitol. Cultures of the first of these (C. decolorans) yielded positive Voges-Proskauer tests and would not now be considered members of the genus. Werkman and Gillen's description of C. diversum indicated that this species was composed of indole-positive, adonitol-positive bacteria. According to Index Bergeyana ( 6 ) , the name C. diversurfz (Burkey) Werkman and Gillen was validly published and is legitimate. Since this name was available and since the indole-positive, KCN-negative, adonitolpositive, ornithine-positive strains characterized herein ( Table 1 ) yielded reactions that were similar t o those described by Werkman and Gillen (32) for C. diversum, the authors adopted this name for these particular bacteria.
The spelling of the specific epithet has been changed to diversus in accordance with current rules of nomenclature. Since the authors have been unable to locate an original strain of C. diversus, strain 3613-63 (ATCC 27156) is designated as the neotype (see Table 1 for description). Although strains of C. diversus may be categorized according to malonate utilization, no significant difference was noted between the malonate-positive and -negative forms. Therefore, these are regarded as biotypes of C. diversus, and further speciation on this, or any other, basis is not proposed at present.
The reactions given by strains of C. diversus (Table 1) do not exactly correspond to those recorded for this species by Werkman and Gillen, (32; see also Table 18 , Davis and Ewing, reference 9), but the similarity is sufficient to warrant use of the name. In fact, the reactions given by the neotype strain of C. freundii do not correspond to the original description of C.
freundii as well as the authors' strains of C. diversus correspond to the original description of that species.
The addition of C. diversus as a second accepted species of Citrobacter will necessitate some revision of the definitions (12) (26) with data of Davis and Ewing (8, 9 ) on strains of C. freundii that failed t o produce hydrogen sulfide in TSI-agar medium indicated that the strains described by Macierewicz probably belonged to the hydrogen sulfide-negative, indole-positive biotype of C. freundii (Table 2) . Except for the weak production of hydrogen sulfide recorded by Fredriksen (19) , the data recorded by this investigator were similar t o those obtained by the authors with strains of C. diversus (Table  1) . The reactions recorded for L . amalonatica by Young et al. (34) corresponded to those given by the hydrogen sulfide-negative, indolepositive biotype of C. freundii (Table 3) , whereas those of L. malonatica corresponded to C. diversus (Table l ) , except for the delayed growth in KCN medium reported by Young et al. (34) . Four strains of L . malonatica examined by the authors failed to grow in KCN medium within 48 hours. Therefore, this discrepancy may be the result of extended incubation. The authors are of the opinion that the names proposed by Fredriksen (19) and by Young et al. (34) are later subjective synonyms of C. diversus (Burkey) Werkman and Gillen.
Lastly, some comment should be made regarding Citrobacter intermedius Werkman and Gillen. The original description of this species (32) stated that its members did not produce hydrogen sulfide in lead acetate medium. Because of this, the species was transferred to the genus Escherichia as Escherichia intermedia (Werkman and Gillen) Vaughn and Levine. It since has been learned (19, 25) that one of Werkman's original strains (ATCC 6750) of C.
intermedius produces hydrogen sulfide in TSIand PI-agar media. Therefore, C. intermedius (and E. intermedia, Bergey 's Manual) actually does not exist, since the only original strain of C. intermedius extant is a typical strain of C. freundii. In fact, this strain (ATCC 6750) is more typical of C. freundii than is the neotype (ATCC 8090) of the species (9).
